Generally, definitive treatment of brain arteriovenous malformations (BAVM) presenting with hemorrhage is recommended to prevent recurrent hemorrhage. The risk of craniotomy and resection of BAVM has been well described using the Spetzler-Martin grading scale; however, the optimal timing for the definitive treatment of ruptured BAVM remains unclear. We report an interesting case of spontaneous BAVM thrombosis in which the patient presented with right occipital intracerebral hemorrhage caused by ruptured right occipital micro-BAVM. A preoperative angiogram 4 months later demonstrated spontaneous thrombosis of the AVM. Despite the risk of re-bleeding, the decision to defer treatment in the acute stage of illness in this case was based on the absence of high-risk angioarchitectural features in the arteriovenous malformations (AVM). It is important to emphasize the potential benefits of early conservative management, particularly in patients with low-risk angiographic features. We also review the literature of spontaneous BAVM thrombosis and discuss the potential benefit of early conservative management.
Introduction
Brain arteriovenous malformations (BAVM) are abnormal connections of venous and arterial systems without intervening capillary network. They occur in 0.1% of the population [1] , with the prevalence in adults being approximately 18/100,000. The usual age range of presentation is 10-40 years, and the most common clinical presentation is intracranial hemor-rhage followed by seizure, headache, and focal neurological deficits. Clinical presentation varies with size, location, and other angioarchitectural features of arteriovenous malformations (AVM), including the presence of intranidal aneurysms and venous outflow restriction [2] .
Definitive treatment of BAVM presenting with hemorrhage is generally recommended to prevent recurrent hemorrhage. The risk of craniotomy and resection of BAVM has been well described using the Spetzler-Martin grading scale [3] ; however, the optimal timing for the definitive treatment of ruptured BAVM remains unclear. Spontaneous angiographic regression has been seen in <1.5% of all BAVM [4] .
In this report, we present a case of a ruptured BAVM that was treated conservatively in the acute period and subsequently underwent spontaneous thrombosis. We reviewed the literature on BAVM spontaneous thrombosis and discuss the potential benefit of early conservative management.
Case Report
A 32-year-old African-American female with a medical history of non-insulin-dependent diabetes mellitus presented with sudden onset of headache and blurred vision. Home medications included metformin, aspirin, and oral contraceptives. Neurological examination demonstrated a left inferior quadrantanopsia. CT and MRI of the brain revealed a right occipital intracerebral hemorrhage (ICH). She was initially managed in the neurocritical care unit with supportive treatment and blood pressure control. Subsequent digital subtraction angiography demonstrated a right occipital micro-BAVM (Spetzler-Martin grade 2) with involvement of the eloquent visual cortex ( fig. 1 ). The patient was discharged home with normalization of her visual field, with formal Goldman perimetry testing on clinic follow-up. Available treatment options were discussed with the patient. She returned 4 months later for planned angiography and resection of the AVM, but a repeat preoperative angiogram demonstrated spontaneous thrombosis of the AVM ( fig. 2 ).
Methods
We conducted a PubMed search from 1955 to 2013 of cases with the following search terms: spontaneous regression; disappearance; thrombosis of brain AV malformation associated with intracerebral (ICH); subarachnoid (SAH), and intraventricular hemorrhage (IVH) ( table 1 ). Data describing age, sex, presentation, location of AVM, number of arterial feeders, venous drainage outlets, and size of the nidus were obtained from the search results .
Results
In our review, 47 cases of spontaneous regression, disappearance, and/or thrombosis of a BAVM associated with rupture at presentation have been reported. Out of these 47 cases, 26 (55.31%) included male patients and 21 (44.68%) included female patients. The mean age was 38 with a range of 10-65 years. Thirteen patients presented with SAH, 21 patients presented with ICH, 9 patients presented with IVH, and 4 patients presented with multiple compartment hemorrhage (any combination of ICH, SAH, or IVH). The location of AVM hemorrhages were frontal lobe [8] , parietal lobe [14] , occipital lobe in 5, and cerebellar hemisphere in 4 patients. Twenty-five patients (59.5%) had a single arterial feeder to AVM, while 18 patients had multiple arterial feeders (41.0%). In 4 patients, arterial feeders were not reported. Thirty-two patients (82.0%) were found to have single venous drainage from the AVM. In 8 patients, venous drainage was not reported. The size of the AVM nidus was ≤ 3 cm in 27 out of 31 patients (87.1%) for whom the size of the nidus was given. Only 4 patients (12.9%) were reported to have a nidus size of >3 cm. multiple  single  <1  44  M  ICH  midbrain  multiple  single  <1  41  M  ICH  occipital  single  single  <1  30  F  IVH  thalamus  multiple  single  <1  30  F  IVH  frontal  single  single  <1  43  M  IVH  internal capsule  single  unreported <1  52  F  ICH/IVH  central white matter multiple  single  1.5  13  M  ICH/IVH  thalamus  multiple  single  <1  51  F  IVH  temporal  multiple  single  1.5  52  F  ICH  cerebellum  multiple  single  <1  19  F  ICH  frontal  multiple  single  <1  48  M  ICH  suprasellar  unreported single  1.5  10  F  SAH  frontal  single  single  <1  42  F  IVH  thalamus  multiple  single  <1  Lee [26], 2002  36  M  ICH  basal ganglia  multiple  single  <3  28  F  ICH  occipital  single  single  <3  55  M  ICH/IVH  basal ganglia  multiple  single 
Discussion
The natural history of BAVM has been well described in a meta-analysis done by Gross and Du [29] . In their analysis, the overall annual hemorrhage rate for BAVM was reported to be 3.0%, with a low risk of 2.2% for unruptured AVM and a high risk of 4.5% for ruptured AVM. Ondra et al. [30] reported an annual re-bleeding rate of 4.0%. Yamada et al. [31] demonstrated an annual rate of bleeding after initial hemorrhage of 6.8%, with the highest rate of 15.4% in the first year, 5.32% in the subsequent 4 years, and 1.72% after 5 years. Patients presenting with seizures and other neurological deficits had a lower risk of hemorrhage [31] . Angiographic features associated with an increased risk of hemorrhage include a large nidus size, a deep location of the AVM, deep venous drainage, and associated aneurysm [32] .
Our review of the literature regarding spontaneous BAVM thrombosis highlights many of the same clinical and angiographic characteristics seen in this case. The presence of single arterial feeders or venous drainage, a small (i.e., <3 cm) nidus size, and mass effect caused by ICH were common in previous reports, all of which were found in our case. The most common of the above-mentioned characteristics is the presence of a single draining vein, which was reported in 82.0% of the patients. Mass effect from the hematoma may cause partial or complete occlusion of the draining vein leading to blood stasis and potential thrombosis of AVM. The presence of a hematoma and the use of oral contraceptives -both previously reported to cause hypercoagulability and thrombosis by mechanical and hormonal mechanisms -may also play a role in spontaneous thrombosis [33, 34] .
The annual rate of bleeding can be as high as 34.4% for the patient group with the combination of hemorrhagic presentation, deep location, and deep venous drainage [35] . Our patient with BAVM presented with hemorrhage but did not have other high-risk morphological features, which suggested that definitive treatment is required but not necessarily during the same hospitalization. Therefore, despite the risk of re-bleeding, it was decided to defer treatment in the acute stage of illness. Additionally, the large size of the hematoma relative to the visualized nidus suggested that the entire lesion may not be visualized due to mass effect. Incomplete visualization of the lesion has the potential to complicate surgery, particularly due to the eloquent location of the lesion in the primary visual cortex.
Conclusion
Spontaneous thrombosis of BAVM is associated with several well-described angioarchitectural and clinical characteristics, yet it remains an extremely rare and unpredictable phenomenon. Given the significant potential morbidity of any of the available treatment modalities for BAVM, spontaneous thrombosis should be regarded as a fortuitous event that may represent the most elegant resolution to a dangerous pathology. Therefore, it is important to recognize the potential benefits of early conservative management, particularly in patients with low-risk angiographic features.
